Summary: We examined 20 episodes of nephrotic crisis (Cx) in 13 nephrotic children and report hematological findings and pathogenesis of the crisis. All physical and clinical data including serum and plasma protein levels and urinalysis, were recorded at the onset of Cx, during recovery and the interventing interval. There was a total of 20 incidences of Cx: 17 occurred at relapses and 3 at the onset of the nephrotic syndrome.
Introduction
Nephrotic crisis has been identified as acute febrile episodes with peritoneal symptoms during the course of nephrotic syndrome (Farr and MacFayden, 1940) . It had then been speculated that the cause of nephrotic crisis (Cx) was an infection such as pneumococcic bacteriemia or penitonitis. Other causes have been suggested, (Yama chi and Hopper, 1964) More recently there have been many pediatric reports of spontaneous Cx, where hypovolemic shock has been proposed as a main factor in the cause although there was little evidence reported and the role of hypoadrenocorticism was ignored, (Reimold et al. 1966; Egan et al. 1967; Nonoda et al. 1973; Tagawa et al. 1973 and Okamura et al. 1982 A total of 27 nephrotic syndrome children were classified into two groups (Table 1) according to occurrence, or not, of Cx; 13 patients with 20 episodes of Cx, in which Cx occurred in association with 17 relapses and 3 first onsets (Cx group) and the second group of 14 patients without Cx (non-Cx group) consisting of 10 relapses and 4 first onsets of the nephrotic syndrome. Both groups were matched for age (mean ages ; Cx-8.2 years old, nonCx-8.1 years old) and sex (Cx: 8 males and 5 females ; non-Cx : 9 males and 5 females).
We observed and recorded clinical signs and symptoms (Table 2) , including all vital signs (blood pressures using age-matched cuffs) and additional laboratory examinations, at onset of Cx, and during the course of the event, as well in the recovery phase.
Hematological and urinalysis data were collected, including complete blood count and hematocrit, urinary protein concentration, serum sodium, potassium, BUN and creatinine concentrations, serum C3 levels and CH50 activity, se- Clinical manifestation and blood pressure:
The clinical manifestations are summarized in Table 2 , and other values in Table 3 . Incidences of abdominal pain, vomiting, and facial pallor were higher in the Cx group compared with non-Cx group (p<0. 01). Blood pressure at Cx was lower in the Cx group (p=0.0002) ( Fig. 1) . Values of blood pressure showed positive correlation with serum sodium concentration, with or without hematocrit correction (Fig. 2) . However, there was no correlation between blood pressure and the serum concentrations of total protein and albumin (with correction).
Laboratory data-hematocrit.
The hematocrit at Cx (Fig. 3 ) and also Ht (Fig. 4) were higher in the Cx group. Several patients in the non-Cx group, however, showed high hematocrit values.
Serum sodium, potassium and urinary sodium and potassium.
Serum sodium concentrations were significantly lower in the Cx group (p=0.0035) (Fig. 5) . The Cx group also showed very significant lower values for the corrected serum concentrations (p<0. 0001) ; Cx group mean level was 111.1 mmol/l cf. non-Cx at 138.8 mmol/l). Urinary sodium concentration was lower in the Cx group (p= 0.035). Na/K ratio in urine was lower in Cx group; there was, however, no significant difference between the Cx and non-Cx groups.
BUN, serum creatinine, serum protein and urinary protein:
BUN and serum creatinine determinations revealed no significant differences between the Cx and non-Cx groups. All patients in both groups showed normal values. Serum total protein and albumin concentrations showed no differences. There was, however, significant differences between the two groups with respect to corrected values of total protein and of albumin (p=0. 0006, and p=0.0119) concentrations. The total amount of urinary protein lost per day was very significantly larger in the Cx group (p<0. 0001). The concentration of urinary protein showed no signif icant dif ferece between Cx and non-Cx groups. The data are explained by the patients in the Cx group having excreted an increased quantity of urine compared with those in the non-Cx group.
Serum complement and C-reactive protein.
Serum C3 levels and the units of CH50, were lower in the Cx group (p=0.014 and 0. 0056, Fig. 6 and 7, respectively) .
Abnormal levels became normal during recovery. Positive C-reactive protein in the Cx and non-Cx groups was 10% (2/20) and 7.4% (1/14) respectively. (Table 4) . We performed the rapid ACTH test on 5 patients (Table 5 , Group B) in the Cx group and compared the results with those of 8 controls (Group A), which were matched nephrotic children with no Cx and undergoing no steroid therapy; in addition, a comparison was made with results of tests on 5 nephrotic children (Group C) with no Cx but with some steroid therapy. There was no significant difference between group A and B. However, both group A and B showed significantly different concentrations following post-ACTH injection. Markedly suppressed adrenocortical function in the patients of group C was shown by the small rise (d) in serum cortisol levels following ACTH -injection.
Discussion
Cases of nephrotic crisis can be divided into two classes ; 1) the primary types (idiopathic and spontaneous) and 2) the secondary (other) types. In pediatric practice, the primary type appears more frequently than the secondary type. The ratio of primary to secondary type has been reported as 3:7 (Yamauchi and Hopper, 1964) but there are many reports which show all are primary type (Reimold et al. 1966; Egan et al. 1967; Tagawa et al. 1973; Okamura et al. 1982; and this study) .
For the pathogenesis of the primary (or spontaneous)
Cx type, then, there are three hypothesis ; (1) the hypovolemic shock theory, (2) hypoadrenocorticism theory and (3) the combination of both these mechanisms.
There is a lower circulating blood volume in Cx in the primary type compared with nephrotic adults (Yamauchi et al. 1964 ) and the important role of hypovolemia in Cx is emphasized.
However, no study has measured the circulating volume in children.
Most authors speculated that the pathogenesis of Cx is bypovolemic shock. There is no evidence to support the role of hypovolemia, tachycardia, hypotension, hypoproteinemia, bypoalbuminemia and good response to intravenous albumin infusion with spuntaneous Cx (Okamura et al. 1982) .
In this study, we confirmed the role of hypotension, hypovolemia followed by hypoproteinemia, hypoalbuminemia combined with hyponatremia, acute and large loss of protein and C3 into the urine ; furthermore, we found no support for hypoadrenocorticism being a causative factor.
The high hematocrit with hypotension in Cx group in our study suggested the presence of hemoconcentration, which was probably caused by water shift from blood vessels to interstitium due to reduce colloidal osmotic pressure (Fig. 8) For hypovolemic shock in the Cx group, both the pathogenic hypoproteinemia (hypoalbuminemia) and hyponatremia will be important.
Hypocomplementemia
We discovered that transient hypocomplementemia is involved in the pathophysiology of Cx. This phenomenon was not observed in the non-Cx group, and hypocomplementemia in the Cx group became normal in the recovery stage. Pathogenesis of this hypocomplementemia is proposed to follow the sequence of rapid loss of C3 into the urine, as well as protein loss. The leakage of C3 into urine correlates with the amount of urinary protein excreted (Abe et al. 1983 ). The rate of excretion varied from 16.3% to 83.3% , depending upon the degree of urinary protein excretion
Adrenocortical function
The absence of hypoadrenocorticism at the time of Cx is deduced from the following evidence ; 1) 5 patients had normal cortisol levels at Cx; 2) 5 patients with Cx tested showed normal response to ACTH stimulation evaluated from serum cortisol levels at 30 minutes after the injection and normal delta cortisol values; 3) 3 patients with no steroid therapy, showed Cx with the first onset of nephrotic syndrome.
Adrenocortical function evaluated by the ACTH test revealed normal values during alternate-day steroid regimen (Yamashita et al. 1971; Seppo et al. 1977) . Serum cortisol showed a normal diurnal pattern during alternate-day steroid regimen with 1 mg/kg body weight (one dose every 48 hours) (Yamashita et al. 1978) . A total of 14 episodes of Cx occurred during alternate-day steroid therapy in this study. Hyperkalemia is a characteristic of Addisonian crisis (which shock due to hypoadrenocorticism) but was not observed in the patients with Cx in this study. 
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